Abstract Class III malocclusion is a consequence of maxillary deficiency and/or mandibular prognathism, resulting in an anterior crossbite and a concave profile. Early class III malocclusion treatment with reverse pull headgear generally results in maxillary skeletal protraction but is frequently also accompanied by unfavourable dentoalveolar effects. Titanium miniplates used as temporary anchorage device might permit equivalent favourable skeletal changes without unwanted dentoalveolar effects. We report two cases having class III malocclusion with maxillary deficiency treated by using titanium miniplates. Cephalometric tracings were done pre and post treatment to determine the anatomic changes during the course of treatment.
Introduction
Maxillary hypoplasia is characterized by deficiency of skeletal height, width, and anterioposterior relationships, which requires multidirectional correction [1] . Class III malocclusion is a consequence of maxillary deficiency and/or mandibular prognathism, resulting in an anterior crossbite and a concave profile [2] . Treatment of young patients with maxillary deficiency is generally directed towards achieving positive overjet through a combination of dentoalveolar and skeletal effects. Protraction facemask therapy or reverse pull headgear (RPHG) is perhaps the most common approach for early treatment of these patients. This approach is limited, in that the forces are applied to the teeth, resulting in uncertain skeletal and often unwanted dentoalveolar effects [3] . Implants provide true stationary anchorage allowing treatment to proceed more rapidly with highly predictable results [4] .
Various types of implants have been tested: Vitallium screws, Vitreous carbon, Bioglass coated aluminium oxide implants, Stainless steel plates and screws and Branemark implants [4] . These devices are relatively expensive, require a healing period before orthodontic loading, and often provide only indirect anchorage. More recently temporary skeletal anchorage device (TSAD), Miniplates and screws have been found to have advantage, including ease of manipulation, ability to withstand immediate force loading, minimal irritation of oral tissues and cost [1, 4, 5] . Anterior palate, buccal, or palatal interdental alveolar bone, and zygomaticomaxillary buttress are the anatomical regions in which the orthodontic implants are frequently placed [6] . However, miniplates should be placed by a surgeon because this is a technique sensitive surgery requiring flap elevation and strict asepsis. The advantage of absolute anchorage to aid in maxillary protraction was introduced in 1985 by Kokich et al. Later Smalley et al. experimented with osseointegrated Branemark style implants for maxillary protraction in monkeys [5] . The zygomaticomaxillary buttress is the prominent ridge at the zygomatic process of the maxilla and has a dense cortical bone structure. Clinically it is between the maxillary second premolar and first molar in children and above the maxillary first molar in adults.
Case Report 1
A 13 year old boy came with a complaint of depression of middle part of face and forwardly placed lower jaw. There was no h/o trauma and parafunctional habits and systemic illness. Clinical and radiological examination revealed maxillary retrognathism, mandibular prognathism, potentially competent lips, concave profile, class three molar relation, diminished mento labial sulcus, permanent dentition with retained 53 and clinically missing 13 (Table 2) . Following this the patient was diagnosed to have skeletal class III malocclusion (case 1) with vertical growth pattern, skeletal class III malocclusion with hyopodontia and microdontia (case 2).
Both the patients underwent routine haematological, biochemical, microbiological investigations. Under antibiotic coverage patients underwent surgery under GA. Patients were discharged uneventfully after a day with periodic follow-up.
Technique
Two designs were used; one was bollard device (Fig. 5 ) made of titanium for first patient, other was modified traditional miniplates made of stainless steel ( Fig. 6 ) for second patient.
• Surgical placement of the TSADs in the maxilla and mandible was carried out under GA.
• After LA infiltration upper buccal vestibular incision was placed bilaterally over the zygomatic buttress region. In mandible near lateral incisor and canine region lower labial vestibular incision was placed bilaterally.
• Mucoperiosteal flaps were elevated for bone exposure.
• The plate was bent to fit the bony surface.
• Two miniplates were placed along the contour of zygomatic buttress in maxilla, two between canine and lateral incisor in mandible.
• Bollard device were placed with the attachment units facing anteriorly in maxilla and mandible (case 1, Fig. 5 ).
• Modified traditional staineless miniplates were placed with hooks facing posteriorly in maxilla and anteriorly in mandible (case 2, Fig. 6 ).
• The hole for screw sized 2.0 mm diameter and 8 mm length, located closest to the attachment unit was drilled first.
• The first screw was not completely seated to allow some rotation and adjustment of the plate to an ideal position. • All screws were subsequently tightened with a hand driver.
• After irrigating with saline, closure was obtained in 1 plane with restorable sutures.
• Patients were instructed to brush at least twice a day, chlorohexidine mouth rinse was recommended.
• Non resorbed sutures were removed 20 days after operation.
• Intermittently reexposure of attachment unit under LA was done due to overgrowth of tissue on it (case 1).
• Two months later bonded Hyrax for upper arch was placed, alternate expansion and constriction of maxilla was done for 7 weeks (case 1) along with opening of bite (Fig. 5 ).
• Temporary skeletal anchorage devices were loaded approximately 3 weeks after surgery. Eight oz class III extraoral elastics were used which have to be changed at least once in 24 h to be worn for 24 h (case 1, 2) (Fig. 7 ).
• After 10 months Hyrax was removed (case 1).
• The plates were well tolerated by the patient with no post op infection.
Discussion
Orthodontists have tried to modify facial growth by applying orthopaedic forces to the teeth to be further transmitted to the skeletal base of the maxilla and mandible. However, dentoalveolar compensations rather than alterations of the facial growth were mostly responsible for the improvement seen in the dental arch relationships [2] . To eliminate the dental side effects, titanium miniplates shown to be well tolerated by patients can now be used to apply orthopaedic forces [7] . Titanium TSADs offer direct structural and functional anchorage according to Branemark's definitions [8, 9] . The role of TSAD is to provide reliable stability when loaded with forces, without damaging adjacent structures and minimal discomfort to patient. A comparison of two protocols for maxillary protraction highlighted some clinical aspects: the face mask protocol requires the appliance to be worn for fewer hours per day but the face mask is more bulky and less easily tolerated than intraoral class III elastics [10] . It is generally recommended that facemask therapy be started before the age of 8 years [2] . Currently 2 types of TSADs are used: screw implants and bone plates [9] . The zygoma anchorage system introduced by De Clerck et al. was used for distalization of the teeth [6] . Different designs of miniplates are Bollard device that has either 2 (mandibular) or 3 (maxillary) fixation holes, a round connecting bar that perforates the mucosa, and an orthodontic attachment unit with a locking screw. The C-tube is a 2 hole titanium miniplate with a flat connection bar and a tube to allow attachment to the orthodontic appliance. Modified traditional miniplate with a 2 (mandibular) or 3(maxillary) fixation holes, 2/3 holes modified by cutting edges according to direction and magnitude of force to be applied. Multipurpose miniplate was designed by Erverdi.
Miniplate placement surgery in young patients is complicated by the reduced height of the maxillary alveolar bone, cannot be placed before mandibular canine eruption, orthopaedic traction on miniplates usually cannot be started before the age of 10 years [2, 10] . The location of miniplates, point of exposure to the oral cavity is absolutely critical [2, 6] . A higher exposure point may lead to mucosal irritation, inflammation and hypertrophy. Nevertheless, it should be inserted to the highest position on the zygomatic buttress to maintain a thicker bone. Manufacturing the zygoma plates in variable lengths may help to overcome these problems [6] or using modified miniplates as in our second case. In the first case the connecting bar emerged at mucogingival junction, was a key factor for good soft tissue management. Primary stability of the TSAD is extremely important, avoid overtightening of the screws. In addition, excellent passive adaptation of the plate to the zygomaticomaxillary buttress is necessary to avoid excessive force on the bone. Regarding patient discomfort, although miniplate placement required a mucoperiosteal flap, the surgery appears to be associated with minimal postoperative pain and inconvenience but swelling was a problem that was encountered. To reduce check irritation the attachment units of device should always be bent parallel to dental arch. Our patient was treated early, before the pubertal growth spurt to take advantage of the patent circumaxillary sutures. In the process of distraction, the maxilla is distracted from the complete lefort I osteotomy line and the pterygomaxillary disjunction [1, 11] . The alternative rapid maxillary expansion and constrictions (Alt-RAMEC) was developed to open the circumaxillary sutures without the disadvantages of overexpansion of the maxilla [12] . As sutures unite bones and play a role as growth sites in the growing skull, it could be assumed that a normal growing child has his or her natural osteotomy sites for distracting bones away from each other by applying orthopaedic force [1] . The circumaxillary sutures were classified into four groups (Table 3 ) [13] . Improvement in facial esthetics before puberty has a positive impact on the psychosocial development of young children. Furthermore surgical maxillary advancement often results in an unpleasing widening of the alar base. Benefits to early treatment may include potential for a greater orthopaedic change in a shorter period of time, earlier esthetic improvements in the smile and facial profile, prevention of periodontal recession and dental wear, earlier functional improvement eliminating an anterior functional shift of the mandible, and avoiding or decreasing the chances of later orthognathic surgery. The benefits of palatal expansion may include expansion of a narrow maxilla and correction of posterior crossbite, increase in arch length, bite opening, loosening or activation of circum-maxillary sutures, and initiating downward and forward movement of the maxillary complex. The miniplates used were locally available and cost effective.
In conclusion, the TSADs is a reliable technique to obtain skeletal anchorage and may eliminate the need for extraoral force. The surgical insertion technique and position of the plates and oral hygiene status of the patients certainly influence the success of the system and clinician may face some minor problems. In our patients we observed minimal inflammation, no hypertrophy, good anchorage, no infection, no mobility of the device, with noticeable skeletal and soft tissue changes providing better esthetical result. Future studies are required to evaluate its limitations, ideal age group, force level and differential indications.
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